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Thisworkdescribestwoseparateliquidchromatographic(LC)methodswhichweredevelopedto control
gentamicinsulphateanditspreservativesmethylparabenandpropylparabeni aninjectableformulation
for veterinarypurposes.Owingto the absenceof a UV absorbingchromophorein the gentamicin
molecule,LCcombinedwithpulsedelectrochemicaldetection(LC-PED)wasfoundto besuitablefor the
determinationof thisdrugin theformulation.TheLC-PEDmethodsfromedition7.0(validtill 06/2012)
and 7.5 (supplementvalidfrom 07/2012)of the EuropeanPharmacopoeia(Ph.Eur.)werecompared.
The currentlyrecommendedLC-PEDmethodallowedgood separationbetweenthe maingentamicin
componentsandtheirimpuritieswithoutinterferencefromadditives.Becauseof itsbetterperformance
theactualmethodwasusedto investigatethedegradationprofileof thegentamicinsulphateinjection.
Resultsobtainedfrom the forcedstabilitystudyshowedthat the formulationwasstableto oxidative
and thermalstress.For the controlof the preservatives,a LC-UVmethodwasapplied.Bothmethods
werefound to be specific,linearand precise.Hence,thesetwo LC methodscan be usedfor routine
analysisof the gentamicin sulphate injection.
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1 Introduction
Gentamicinsulphateis a potentbroadspectrumaminoglyco-
side antibiotic,which is usedas an activepharmaceutical
ingredient(API)forthetreatmentofsevereinfectionscausedby
Gram-negativebacteria.It is a widelyusedaminoglycoside,
mainlyin veterinarymedicine,forthetreatmentof septicemia,
infectionsof thelungs,bones,gastrointestinalndurogenital
tracts,skinsandsofttissues.Gentamicinsulphateis available
invariousformulationsincludinginjections,creams,eyedrops,
ophthalmicsolutionsandeardrops.Gentamicinwasoriginally
obtainedfrom fermentationof a strain of Micromonospora
purpurea'andconsistsoftwoaminosugarsglycosidicallyinked
to positions4 and 6 of 2-deoxystreptamine.It occursas a
complexmixtureoffourmajorcomponents:Cl,Cia,C2,C2aand
theminorcomponentC2b(Fig.1).
Sincegentamicinis a fermentationproduct,it cancontain
severalstructurallyrelatedsubstanceslike gentamicinBlI
sisomicin,dihydroxygentamicinCia,]1-20B,degradationprod-
ucts like garamine,2-deoxystreptamineand severalother
unknowncompoundsformedin smallamounts.The differ-
encesin antimicrobialpotencyandsometimestoxicityneces-
sitatetolimitandcontrolcarefullytheamountof impuritiesin
Gentamicin Mol. Formula R1
C1 ~lH43N50T CH3
C1a ClIIH3IIN5Or H
C2 ~H.1N5Or H
C2a ~~lN50T H
C2b ~~lN5Or CH3
R2 R3
CH3 H
H H
CH3 H
H CH3
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Fig.1 Chemicalstructureof themaingentamicinsulphatecomponents.
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commercialsamples.Impuritiesareassumedtoberesponsible
for theseveresideeffectsoftenencounteredafteradministra-
tionofgentamicinsulphate.'Theimpuritiesmayarisedueto
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faultymanufactureor degradationupon storage.To ensure
optimaltherapeuticefficacywithlesssideeffects,closecontrol
of thisdrugis mandatory.
Routineanalysisofgentamicinis notsoeasy.Thisis dueto
its polar basicnatureand the absenceof a UV absorbing
chromophore.Severaleffortshavebeen madein order to
analyzegentamicinin bulk samples,biologicalsamplesand
formulations.Thesetechniquesinvolvemainlyion exchange
proceduresand includeLC,'-22paperchromatography,"thin
layerchromatography,"Craigdistribution"andcapillaryelec-
trophoresis26-28witheitherdirector indirectdetectionmecha-
nisms.Indirectmethodsinvolvedpre-columnderivatization
with o-phthaldehyde(OPA),6-'O2,4,6-trinitrobenzenesulphonic
acid" or post-columnderivatizationwith OPA..,,..13Neverthe-
less,derivatizationtechniquesare not preferredfor routine
analysisbecausetheyaretedious,timeconsumingandcangive
problemswithquantitationduetoreactionincompletenessand
instabilityof thederivatizedproducts.Forproperquantitative
work, directdetectionis preferred.In gentamicinanalysis,
refractiveindex(RI)," evaporativelightscattering(ELSD),"'"
chargedaerosol detector(CAD)." pulsed electrochemical
detection(PED)17-20andmassspectrometry(MS)" havebeen
employed.RI detectionshowspoorsensitivity,ELSDandCAD
shownon-linearesponse,andMSisanexpensivet chniquefor
routineanalysis.Also,ELSD,CADandMSrequireonlyvolatile
mobilephases.So, LC-PEDwasfoundto be the methodof
choicefortheanalysisofaminoglycosides.22This is becauseof
itshighsensitivity,selectivityandrelativelylowoperationcost
for routineuse.
Someorganicacids and their estersare usedas single
preservatives,buta combinationof themis morecommonin
cosmetics,foodand pharmaceuticalproducts.2'Theyarethe
importantconstituentstopreventalterationanddegradationof
the formulation,especiallyfor multi-doseproducts.In phar-
maceuticalproducts,the benzoicacid estersmethylparaben
(MP)andpropylparaben(PP)(Fig.2)arethemostcommonly
used,usuallycombinedtogetherfor a maximumsynergistic
effectin a molarratiobetween7.5: 1 and9: 1.Thedosesare
relativelylow,varyingfrom0.002%to0.2%.'°,3'Theseparabens
havea broadantimicrobialactivityin the pH rangeof 4-8.
Outsidethisrange,theywillbehydrolyzed.31Also,adsorptionof
theparabensmayoccurinsomeplasticcontainersandsolower
theireffectiveness.Hence,determinationof thesepreservatives
in formulationsis particularlyimportantboth for quality
assuranceandconsumersafety.
OwingtothepresenceofaUVabsorbingchromophorein the
preservative'smolecules,directanalysisbyLC-UVispossible.In
theliterature,severalLC methodshavebeendescribedforthe
9~ ffido~
a-t methylparaben propylparaben
Fig.2 Chemicalstructureof methylparabenandpropylparaben.
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analysis of these esters in pharmaceuticals,food and
cosmetics."""SimultaneousdeterminationofMP andPP was
preferred,astheyareusuallyusedin combination.Hence,the
LC-UV methodpreviouslydevelopedin our laboratoryby
Aluoch-Orwaetai." wasusedasthestartingpoint.
ThisworkdescribestwoLC methodswhichweredeveloped
for the controlof an injectionfor veterinarypurposes.The
formulationcontainsgentamicinsulphate(5mgml-t asbase)
astheAPI andMP (0.18%w/v),PP (0.02%w/v),sodiummeta-
bisulphite(SMB)(0.3%w/v)andsodiumedetate(EDTA)(0.01%)
asadditives.Whenthisstudywasstarted,theofficialmethodin
the7.0edition(edn)oftheEuropeanPharmacopoeia(Ph.Eur.),
validtill 06/2012,'8forthedeterminationof relatedsubstances
andcompositionofgentamicinbulksampleswasLC-PEDusing
a poly(styrene-divinylbenzene)copolymer(PSDVB) column.
Duringthetimethatthismethodwasintroducedin thePh.
Eur., this reversedphasepolymerpackingshoweda better
stabilitycomparedto silicabasedcolumns,but its efficiency
wasratherlow.In themeantime,newtypesof silicabased
columnsbecameavailableandcolumnpropertiesimproveda
lot.Recently,animprovedLC-PEDmethodthatutilizesasilica-
based reversedphase column has been incorporatedin
supplement7.5of thePh.Eur.'.andisbasedonthemethodof
ManyangaetaL,.
Thisworkinvestigatestheefficiencyof thesetwomethods,
focusingon theseparationof themaincomponentsandtheir
relatedimpurities.The influenceof the additiveswas also
investigated.Basedontheresultsoftheexperiments,themore
performantmethodwasselectedforfurtherquantitativework.
Thismethodwasalsousedtoconductastabilitystudybyforced
degradationin orderto generateformulationproductrelated
impurities.For thecontrolof the parabenpreservatives,the
suitabilityof the LC-UV methoddevelopedby Aluoch-Orwa
etai." wasexamined.Herealsoquantitativeparameterslike
sensitivity,linearity,repeatability,accuracyandspecificitywere
checkedaccordingto theVeterinaryInternationalConference
onHarmonization(VICH)guidelines."
2 Experimental
2.1 Reagentsandsamples
All the reagentsusedwereof HPLC grade.Tetrahydrofuran
(THF), stabilizedwith 2,6-di-tert-butyl-4-methylphenol,30%
hydrogenperoxide(H202)and extrapureanhydrousodium
sulphate(Na2S04)wereobtainedfromMerck(Darmstadt,Ger-
many). Potassium dihydrogen phosphate, dipotassium
hydrogenphosphate,methanol,99%trifluoroaceticacid(TFA),
97% pentafluoropropionicacid (PFPA)and sodiumoctane-
sulphonate(SOS)werepurchasedfromAcrosOrganics(Geel,
Belgium).Acetonitrile(ACN)was from FisherScientificUK
Limited(Loughborough,Leicestershire,UK). A 50%sodium
hydroxidesolutionwasfromJ.T. Baker(Deventer,TheNether-
lands)and 85% phosphoricacid was from SigmaAldrich
(Steinheim,Germany).Waterwasproducedin-houseusinga
Milli-Q waterpurificationsystem(Millipore,Bedford,MA).
HeliumgaswasobtainedfromAir Liquide(Liege,Belgium).All
mobilephasesweredegassedbyspargingheliumgas.
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Thesamplesusedtoconducthisstudywereobtainedfroma
company:gentamicininjection(commercialveterinaryformu-
lationcontaining entamicinsulphate(5mgml-I asbase),MP
(0.18%w/v),PP (0.02%w/v),sodiummetabisulphite(SMB)
(0.3%w/v)andsodiumedetate(EDTA)(0.01%)),blankwithand
withoutpreservatives,gentamicinsulphatebulksamplesand
referencesamplesfor MP, PP, 5MB and disodiumEDTA.
Gentamicinsulphatechemicalreferencesubstance(CRS)and
sisomicinsulphateCRSwereobtainedfromEuropeanDirec-
torate for the Quality of Medicines(EDQM) (Strasbourg,
France).All solutionswerepreparedusing a mobilephase
beforeinjection.
2.2 LC instrumentationandchromatographicconditions
2.2.1 LC-PED.The LC apparatusconsistedof an L-6200
IntelligentPump (MerckHitachi,Darmstadt,Germany),an
autosamplerAS100SpectraSerieswitha fixed20Jllloop (San
Jose, CA, USA),a DecadeII electrochemicaldetector(Antec,
Leyden,theNetherlands)andChromeleon6.70software(Dio-
nexCorporation,Sunnyvale,CA,USA)fordataacquisition.The
detectorcell consistedof a goldworkingelectrode,a HyRef
referencelectrodeanda carbonfilledpolytetrafluoroethylene
(PTFE)counterelectrode.HyREFis analternativeforaAg/AgCI
referencelectrode.It is principallymaintenancefreeanddoes
notcontainasaltbridge.Thedetectorcellwaskeptat35°Cina
hotairoven.Thepulsesettingswereasfollows:tdet400mswith
Edet+0.05 V, toxd200 ms with Eoxd+0.75 V and tred400 ms with
Ered- 0.15V.Integrationofthesignaloccurredbetween200ms
and400ms.
Duringthis study,thefollowingcolumnswereused:poly-
(styrene-divinylbenzene)copolymer,250x 4.6mmID, 100nm,
8Jlm(PolymerLaboratories,Shropshire,UK)forthePh.Eur.7.0
methodandZorbaxSBC18,250x 4.6mmID, 5 Jlm (Agilent
Technologies,Inc.,CA,USA)forthenewimprovedLC-PED.The
columnswerekeptata constantemperaturebyusingawater
bathwith a heatingimmersioncirculatorOulabo,Seelbach,
Germany).In the final conditions,the mobile phasewas
composedof 35mll-I of ACNand965mll-I of an aqueous
solutioncontainingTFA (7mIl-I), PFPA(250JlII-I) and50%
NaOH(4mIl-I). Theaqueousphasewaspreviouslyadjustedto
pH 2.6with0.5M NaOH.Theflowratewas1.0ml min-I.
ForgooddetectionofaminoglycosideswithPED,atleastpH
12is necessary.Sincethemobilephasehasa lowerpH, 0.5M
NaOH was pulselesslyaddedpost-columnusing a helium-
pressurizedreservoir.Thecolumneffluentwasmixedwiththe
basein apackedreactioncoilfromDionex(1.2m,500JlI).The
0.5M NaOHsolutionwaspreparedstartingfroma50%(m/m)
aqueousolutionwhichwaspipettedin heliumdegassedwater.
This solutionwasdegassedfor about10minutesin orderto
avoid the formationof carbonatesthat foul the working
electrode.
2.2.2 LC-UV.The LC apparatusconsistedof an L-6200
intelligentpump (MerckHitachi),an L-2200EliteLaChrom
autosampler(MerckHitachi),an L-2400Elite LaChromUV
detector(Merck-Hitachi)setat 254nmandChromeleon6.60
software(Dionex)for dataacquisition.This methodutilizesa
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PSDVBcolumnkeptat a temperatureof 60 °C. The mobile
phaseconsistedofACN-0.2M phosphatebufferpH 7.0-waterA
(35:5 :60,v/v/v)at a flowrateof 1 ml min-I. The injection
volumewas100Jll. UVdetectionwasperformedat254nm.
3 Resultsanddiscussions
3.1 Gentamicininjectionanalysis
3.1.1 Comparisonbetweenthenewandoldmethodof the
Ph. Eur. First, a comparisonbetweenthe LC-PEDmethods
describedfortheanalysisofgentamicinin thePh.Eur.7.0and
7.5 supplementwas performed.18,20The two methodswere
comparedon the basis of their specificity,selectivityand
sensitivity.
During this initial stage,formulationblank,gentamicin
sulphateCRSfor identification,gentamicinbulksamplewhich
was used for the preparationof the formulationand the
gentamicinformulationitselfwereinjectedin bothsystems.
Typicalchromatogramsobtainedundertheabovementioned
experimentalconditionsareshownin Fig.3 and4 forthePh.
Eur.methodandtheimprovedLC-PEDrespectively.Ascanbe
seenfromthesechromatograms,thePh.Eur.7.0methodis less
selectivesincefewerimpuritiescanbeseparatedfromthemain
gentamicincomponents.This is becausethe efficiencyof
PSDVBasastationaryphaseis lowerandasaconsequence,the
selectivityandsensitivityareratherpoor.On theotherhand,
polymercolumnshowagoodstabilityandreproducibility.The
newimprovedmethodutilizesaC18reversedphasecolumnfor
thedeterminationof gentamicinsulphate.With thismethod,
manyimpuritiesarewellseparatedfromthemaincomponents
andfromeachotherwithnointerferencefrompreservativesor
blanksolutions.Becauseof its betterselectivity,this method
wasfurtherusedfor quantitativeworkand for the stability
study.In generalbetterpeakshapesandbaselineseparations
wereobservedfortheLC-PEDmethodfromthe7.5supplement.
Anothernoteworthyobservationherewas the differencein
elutionorderof theC2bcomponentin thetwomethodswhich
utilizedifferentstationaryphases.
nA
0.0 10.0 20.0 30.0 40.0 48.0
min
Fig.3 Typicalchromatogramsobtainedafteranalyzingformulationblank(1),
gentamicinsulphateCRS(2),gentamicinsulphatepowderusedfor the formu-
lation(3)andgentamicinformulation(4)usingthePh.Eur.7.0method.
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Fig.4 Typicalchromatogramsobtainedafteranalyzingformulationblank(1),
gentamicinsulphateCRS(2),gentamicinsulphatepowderusedfor theformu-
lation(3) and gentamicinformulation(4) usingthe new lC-PEDmethodfor
gentamicindescribedinthe7.5supplementof thePh.Eur.
3.1.2 Validationof theimprovedLC-PEDmethod.Forthe
quantitativework,twosetsof solutionswereprepared.Setone
was preparedwith a concentrationof 1.0 mg ml-l (20~g
injected,correspondingto100%)gentamicinsulphateandwas
usedfor thedeterminationof relatedsubstances.Settwowas
preparedwith a concentrationof 0.2 mg ml-l gentamicin
sulphateandwasusedforthedeterminationofcompositionof
themaingentamicinC components.SisomicinsulphateCRS
wasusedataconcentrationof0.01mgml-l (1%)asanexternal
standardfor impuritycontentdetermination.The use of
gentamicinasastandardforimpuritycontentdeterminationis
less reliablesinceit consistsof severalcompounds,which
proportionsvaryfromsampletosample.
The sensitivity,linearityand repeatabilityof themethod
wereevaluated.Forthedeterminationof impurities,thelimit
ofdetection(LOD)(correspondingtoasignal-to-noiseratioof
3)andlimitofquantitation(LOQ)(correspondingtoasignal-
to-noiseratioof10)wereassessedbyusingsisomicinsulphate
CRS.An LODof3 ngcorrespondingto0.015%wasfoundand
anLOQvalueof 10ng,correspondingto 0.05%.Thelinearity
wasexaminedfromLOQto5%,sinceabovethisconcentration
overloadingof thedetectorwasobserved.Thefollowingline-
aritywasobtainedy =577989x+114,wherey =peakareaand
x =concentration in mg ml-t, with coefficientof determina-
tion (R2)=0.999.For determination of the composition of the
main gentamicincomponents,the linearitywas checked
accordingtothelimitsprescribedin thePh.Eur.1sTheranges
wereexaminedandtheirresultsaresummarizedinTable1.As
canbeseengoodresultswereobtained.Repeatabilityfor the
maincomponentswasexaminedataconcentrationof0.2mg
ml-l. Thegentamicinformulationwasanalysedsixtimes(n=
6).Therelativestandarddeviation(RSD)valuesin theareasof
themaingentamicincomponentsare0.4%for CIa,0.5%for
C2,1.2%for C2b,0.4%for C2aand0.3%for CI. Thesevalues
demonstratethegoodprecisionof themethod.Theaccuracy
of the methodwasdeterminedby checkingthe recoveryof
sisomicinsulphatedissolvedin theblank.Accuracydataare
shownin Table2.
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Table1 linearitydatafor themaingentamicincomponents.
Concentration
ranges
Gentamicin(mgml-1)
Regression
equation
a Where RZ =coefficientof determination,nc= numberof experimental
concentrationsstudied, ni = number of injections for each
concentration,y =peakarea,x = concentrationin mgml-1,and
Syx= standarderrorofestimate.
Table 2 Recoveryof sisomicin
% Concentration
Concentration
(mg ml-1)
% Recovery
of sisomicin sulphate
0.5
1.0
1.5
3.0
0.005
0.01
0.015
0.03
98.0
97.9
97.2
99.7
3.2 Controlof preservatives
3.2.1 Preliminaryinvestigations.Preliminaryinvestiga-
tionsshowedthatMP andPP presentin theformulationwere
well separatedunder these chromatographiconditions
withoutany interferencefromthe blank.Typicalchromato-
gramsareshownin Fig.5.Althoughnottheprimaryaim,5MB
couldnotbedetected.Decreasingthewavelengthto 210nm
alloweddetectionof5MBataround2.4minutes,butonlywitha
verypoorsensitivity.
3.2.2 Methodvalidation.Linearitywasexaminedfor MP
and PP simultaneouslyat fivedifferentconcentrationsfrom
50%to120%(100%correspondsto18~gml-l forMP and2 ~g
ml-l for PP). The following resultswereobtained;y =100.7x+
0.9,wherey=peakareaandx=concentration,withR2=1for
MP andy = 92.4x- 0.3withR2= 1for PP.
1.000
~McthYlporabcneoo
eoo
200
-'0
0.0 '0.0 t5.0 17,5 20.012,55.0 ',52.5
Fig. 5 Typicalchromatogramsobtainedafteranalyzingmethylparabenand
propylparabeni theformulation(1)andformulationblank(2)usingthechosen
lC-UVmethod.
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Cta 0.0025-0.0752 Y=726447x+25330.987336283 5
Cz 0.0042-0.0851 Y =717267x + 1881 0.9952 2857 3 4
CZb 0.0003-0.0079 Y =545515x+43 0.9962 120 3 4
Cz. 0.0030-0.0616 Y = 654659x+541 0.9990 828 3 4
C1 0.0047-0.0951 Y =653713x + 987 0.9981 1735 3 4
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Table 3 Recoveryof methylparaben and propylparaben
Sample
concentration(%)
Recovery(%)
Methylparaben Propylparaben
80
100
120
99.7
101.9
100.0
97.8
99.8
98.7
Repeatabilityfor MP and PP was examinedat 100%
concentration.Theformulationwasanalysedsixtimes(n=6).
TheRSDvalueswerefoundtobe0.7%forMP and0.2%forPP
whichindicatesgoodprecisionof thismethod.
Theaccuracyofthemethodwasdeterminedbycheckingthe
recoveryofMPandPPdissolvedin theblank.Thedataobtained
for recovery,shownin Table3, demonstrategood method
performance.
3.3 Stabilitystudies
This studywasdonewith the objectiveof determiningthe
stabilityof the API in the formulation.Sincegentamicin
sulphateis quitestableunderambientconditions,thestability
studyfor the formulationwascarriedout underaccelerated
heatandoxidativeconditions.
3.3.1 Stabilityof the formulationunder oxidativeand
thermalconditions
3.3.1.1 Degradationusinghydrogenperoxide.Onedrop of
15%HzOzsolutionwasaddedperml of theformulation.The
sampleswerewithdrawnafter0,2,8and24hoursanddiluted
to 1 mgml-1 usinga mobilephase.Referencesolutionwas
preparedbytaking1.0ml of theformulationandaddingto it
oneofdropofwaterinsteadofHzOz.Thereferencesolutionwas
thenalsodilutedto 1.0mgml-1usingamobilephase.Under
theseexperimentalconditions,no degradationof thesample
was observed.Furthermore,the concentrationof HzOzwas
increasedto25%.Herealsonodegradationwasobserved.
3.3.1.2 Degradationusinghydrogenperoxideand heating.
SincenosignificantdegradationwasobtainedbyusingHzOzat
roomtemperature,it wasdecidedto combineit withheating.
Thiswasperformedbyadding5dropsof25%HzOzsolutionper
ml of sample.Theresultantsolutionwaskeptin anovenata
temperatureof60°C.Thesampleswerewithdrawnafter0,2,8
and24hoursanddilutedto1.0mgml-1usingamobilephase.
Thereferencesolutionwaspreparedin asimilarwaybyadding
5dropsofwaterinsteadofHzOz.Thesamplewasthenanalysed
at differenttimepoints.The resultsobtainedshowedthatno
degradationof theformulationoccurred.
3.3.2 Stabilityof the solutionsto be injectedin the LC
system.Thestabilityofthesolutionsoftheformulationthatare
usedforinjectingin theLC systemwascheckedbyheatingthe
formulationat a concentrationof 1.0mgml-1 at 60°C and
100°Cat0,2,8 and24hours.Blanksolutionwaspreparedby
dilutingthe blankof the formulationthe samewayas for
formulationusinga mobilephase.The experimentshowed
thattherewasnodegradationof thesamplesolutionsat60°C
and100°C.
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4 Conclusions
Comparedto the Ph. Eur. 7.0 methodfor the analysisof
gentamicinsulphate,the improvedLC-PEDmethodallowed
betterseparationbetweenthe maingentamicincomponents
andtheir impuritiesin thegentamicinformulationstudied.
Moreover,themethodprovedtobesensitive,selective,specific,
accurate,linearandrepeatable.The methodwasalsoapplied
for forcedstabilitystudiesof the gentamicininjection.The
resultsof theseexperimentsshowedthattheformulationwas
stableto oxidativeand thermalstressconditions.For the
controlofpreservatives,theLC-UVwassuccessfullyappliedfor
theirsimultaneousanalysisin thepharmaceuticaldosageform.
Thismethodwasalsofoundtobespecific,accurate,linearand
precise.Hence,thetwoLC methodscanbeusedfor routine
qualitycontrolof thegentamicininjection.
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